In this paper, a three-phase-in three-phase-out matrix converter (MC) is modeled and its working principles are analyzed. A simple model of the power circuit is proposed, which has a small filter at input side of converter to remove distortion of the input current around the switching frequency. The control signals of the power switches are produced using the optimum amplitude-direct transfer function approach (DTFA). The modulation strategy of the converter is explained mathematically in a clear form. The simulation results obtained from the model at various operating conditions are presented. These results prove effectiveness of the proposed matrix converter model with a unity input power factor. Consequently, the designed PSIM model can be confidently used in the construction stage of the matrix converter.
Introduction:
One of the most interesting members of the power converter family is the matrix converters providing directly ac-ac power conversion. Matrix converters firstly introduced in 1976 started to improve after Venturini and Alesina proposed a generalized high-frequency switching strategy in 1980 [1, 2] . There are a lot of advantages of the MC's according to traditional converters: It can produce the output voltages with the desirable amplitude and frequency. Energy regeneration can be done to the mains. Sinusoidal input currents can be drawn from mains and input displacement factor can be controlled. Furthermore, the matrix converter allows a compact design due to the lack of dc-link capacitors for energy storage [3] . These attractive properties have prompted researchers to study about the MC.
The physical realization of the MC is not straightforward, and the number of the devices in the power circuit is high compared with that of the inverter. Therefore, it is crucial to obtain an effective model and to test it before constructing a working prototype of the MC [4] . However, popular circuit-oriented simulation software packages such as PSPICE and PSIM haven't the simulation of an MC as a standard block in their libraries [5] . To compensate this necessity, an effective model of the MC was developed by using PSIM package program, shown in figure 1. Proceedings of the 6 th ICEENG Conference, 27-29 May, 2008 EE070 -3 In this study, the basic concepts of matrix converters are explained and the mathematical model of matrix converters is briefly given. The control signals applied to bidirectional power semiconductors are produced using optimum amplitude-direct transfer function approach and a maximum voltage transfer ratio (%86,6) was obtained. An input filter is used at input side of converter. It smoothes distortion of the input current around the switching frequency and avoids the generation of overvoltage produced by the fast commutation of currents due to the presence of the short-circuit reactance of any real power supply. Also, a clamp circuit is added to prevent damaging of the power switches due to over-voltages or over-currents. The working principles of MC producing the output voltages at various amplitude and frequency are analyzed.
Mathematical model of optimum amplitude-DTFA
Modulation is the procedure used to generate the appropriate firing pulses to each of the nine bidirectional switches. 
In accordance with this, each output phase voltages can be expressed by Eq. (2).
In the same way, the input currents are also shown by expression in Eq. (3).
T is the transpose matrix of [M(t)]. Because the MC is fed by a voltage source, the input terminals should never be short-circuited and, an output phase must never be open-circuited, owing to the fact that the absence of a path for the inductive load current leads to the over-voltages. These constraints discussed can be expressed by Eq. (4).
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If the input voltages of the MC are
To obtain a maximum voltage transfer ratio is added common-mode voltages to the target outputs voltages as shown in Eq. (6).
Where, q is the voltage gain. The common-mode voltages have no effect on the output line-to-line voltages, but allow the target outputs to fit within the input voltage envelope with a value of q up to 86,6% as illustrated in Fig. 2 . It should be noted that a voltage ratio of 86,6% is the intrinsic maximum for any modulation method where the target output voltage equals the mean output voltage during each switching sequence. [6] .
Figure (2): Input voltages and target voltages including common-mode voltages
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In the modeled system, firstly, the power circuit, including nine bidirectional-switches was designed. Then, an input filter and a clamp circuit were modeled to smooth distortion of the input current and to prevent damaging of the power switches due to over-voltages or over-currents possibly occurring during commutation, respectively. Then, duty cycles of bidirectional switches were calculated according to (8) using mathematical function block in PSIM.
The switching functions (S Kj (t)), determining turn-on-time of the switches were obtained according to the logic statements in equation (9) by using duty cycles. These functions are gate-drive signals of the power switches. It is clearly given in Fig. 3 , how only three switching functions (S Aa , S Ba , S Ca ) are produced. The other switching functions can also be obtained alike simply [5] . In the simulated system, the output voltages at the following parameters have been obtained: f o = 25 Hz, 50 Hz, 100 Hz for q = 0.8. As a result, waveforms of output line voltages, output phase voltage with respect to neutral of source, output phase voltage with respect to neutral of load, output currents, filtered and unfiltered input currents are given.
In this paper, the waveforms of 25, 50 and 100 Hz-output frequency for 0.8-voltage gain, 50 Hz-input frequency and 2 kHz-switching frequency have been given. It is given the various waveforms for 25 Hz-output frequency in Figure 4 , 50 Hz-output frequency in Figure 5 and 100 Hz-output frequency in Figure 6 . 6(d) show that the input current generated by the MC has the form of several pulses with a high di/dt, making it necessary to introduce an input filter to avoid the generation of over-voltages.
Figures of 4(e), 5(e), and 6(e) show that the source current is free of high frequency harmonics, due to the effect of the input filter and, although the current in the output of the converter is lag from the output voltage, the input line current drawn from the source is in the same phase with the source phase voltage.
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